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Varying the Divergence of Multiple Parallel Laser Beams
Lenses mode-matched to the laser beams would be moved axially within an afocal optical
subassembly.
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A provision for controlled variation of
the divergence of a laser beam or of mul-
tiple parallel laser beams has been incor-
porated into the design of a conceptual
free-space optical-communication station
from which the transmitted laser beam(s)
would be launched via a telescope. The
original purpose to be served by this pro-
vision was to enable optimization, under
various atmospheric optical conditions,
of the divergence of a laser beam or
beams transmitted from a ground station
to a spacecraft. Beyond the original pur-
pose, the underlying design concept
could be beneficial for terrestrial free-
space laser communication, ranging, and
scientific instrumentation applications in
which there are requirements to vary the
divergences of laser beams.
In order to be able to provide for con-
trolled variation of beam divergence,
one must first gain detailed understand-
ing of the optical train from each laser
to the primary mirror of the telescope.
Gaussian propagation of each laser
beam through all the optical elements
must be computed. If multiple parallel
beams were to be transmitted, then by
means of previously developed optics,
they would be positioned symmetrically
about the optical axis. It would be neces-
sary to perform paraxial ray tracing to
ensure that the beams emerging from
the primary mirror into free space were
parallel to each other and to the main
optical axis of the telescope.
The design concept reflects a re-
quirement in the original application
that final divergence of the beam(s)
propagating out from the primary mir-
ror into free space be varied by moving
only one lens or lens assembly in the
optical train and that this motion not
cause the outgoing beam(s) to deviate
from parallelism with the optical axis.
To satisfy this requirement, the tele-
scope would incorporate an afocal op-
tical subassembly, within which either
a single on-axis lens in the case of a
single laser beam or a ring assembly of
lenses in the case of multiple laser
beams (see figure) would be moved.
The lens or lenses must be designed to
mode-match the laser output through
the afocal subassembly and telescope
optics to produce the required beam
divergence. By moving this lens (or
moving the assembly of lenses as a sin-
gle unit) along the optical axis, one
would cause the divergence of the out-
going laser beam(s) to vary through
the required range. Care must be
taken to ensure that there is no
apodization or vignetting through any
limiting apertures in the overall opti-
cal system and that power density of
any laser beam must not be so high as
to result in dielectric breakdown of air
or in damage to any optic along the
optical path.
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A Frame Would Hold Lenses placed symmetrically about the optical axis to intercept multiple laser beams parallel to the axis. (For simplicity, only two
beams are shown here, but the original design calls for eight beams). The frame would be moved along the optical axis to vary the divergence of the
laser beams emerging from the primary telescope mirror. The motion of the frame and lenses would not cause the beams to deviate from parallelism
with the optical axis.
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